From forty one chiral benzodiazepin-2-ones the U V and CD data are reported and the bands discussed with respect to corresponding electronic transitions respectively stereochem ical features.
Introduction
Compounds, based on the benzodiazepine skel eton are widely used as therapeutic agents for the treatm ent of anxiety and neuroses [1] [2] [3] [4] . For reasons of studying structure-activity relationships [1 -8 ] , perform ed by pharmacologists, we de scribed recently synthetic routes to optically active substituted l,3,4,5-tetrahydro-2//-l,5-benzodiazepin-2-ones as analogs of Lofendazam [9] , and 4-m ethyl-l,3,4,5-tetrahydro-2//-l,5-benzodiazepin-2-one with one chiral center at C-4 in the 7-membered ring was used as starting m aterial which could be easily prepared by the reaction of o-phenylenediamine with crotonic acid in 5.5 N HC1 [10] . Racemic 4-m ethyl-l,3,4,5-tetrahydro-2//-l,5-benzodiazepin-2 -one (1 ) was resolved on a prepar ative scale via diastereoisomeric salt formation with D-(+)-3-bromo-camphor-8-sulphonic acid in ethanol. A fter decomposition of the salt and work up as described in [9] , enantiomerically pure start ing material 1 was obtained from which all m en tioned compounds in this communication are syn thesized.
In connection with our circular dichroism studies on natural products and biologically active compounds , and as for the first time a larger series of optically active benzodiazepin-2 -ones has become available, CD and UV studies of these compounds were undertaken, and the results are presented in the following.
Results and Discussion

Parent benzodiazepin-2-ones
The simplest compound (1) shows in its UV spectrum a first band at 298 (e = 3610), a medium strong one at 252 (e = 6657) and a very intense one at 222 nm (32240), followed by a minimum around 202 nm. For comparison, aniline has three bands at 281 (e = 1400), 230 (e = 8200) and 196 nm (e = 34500) and that of acetanilide at 274 (e = 900), 241 (e = 15400), and 201 nm (e = 29000). It is obvious that the band at 2 2 2 nm of 1 corre sponds to one component (or even both) of the /?,/?'-doublet and from symmetry arguments fol lows that it is either polarized along the C-2 axis of the N -C 6 H 4-N moiety or perpendicular to it. The assignment of the other bands is not so obvi ous, since the amino group is a strong perurber of the aromatic system and the UV spectrum of the 1 is by no means given by the superposition of the spectra of aniline and acetanilide. However, the 250 and 300 nm bands of the benzodiazepin-2-one should be associated with the p and a-band respectively (A lg-B lu respectively A lg-B 2u) tran sitions of benzene [11, 43, 44] .
0932-0776/95/1200-1869 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. N First, the CD spectrum of 1 is compared with its UV spectrum (Table I, Fig. 1 ). Instead of one, two C otton effects are observed between 270 and 300 nm. as if there would be two individual a-bands present, which are, however, not resolved in the absorption spectrum. Also, the 222 nm band in the UV spectrum does not coincide with a CD band, but is in between two, around 217 nm and 232 nm. The very strong ^-absorption does, however, cor respond to a strong Cotton effect in the same wavelength range and there is at least one more Cotton effect visible in the spectrum of 1 (and of most of the other compounds) below 2 2 0 nm (Fig. 1) . All transitions which give rise to UV an d / or CD bands will be between very delocalized or bitals of the whole chromophoric system, but at least for empirical description of the spectra they look as if one would have to deal with a superpo sition of two a-, two p-, and two /3-bands, one caused by the "acetanilido"-and one by the "anilino"-chromophore. These general features are found in practically all the CD spectra, independ ent from the substituents in position 7, although there may appear characteristic bathochromic shifts which can be explained in the usual manner.
Methylation at N -l (2) leaves the general fea tures of the CD spectrum of 1 more or less un changed besides the appearance of an additional band at 206 nm which is, however, also found in the CD spectra of 3 and 4. From the spectrum of 2 it becomes clear that the minimum seen around 250 nm in the CD spectrum of 1 corresponds actu ally to a real negative Cotton effect. Altogether one sees up to six Cotton effects with approximate positions at 290, 262, 242, 230, 219 and 206 nm (Fig. 1 ). This shows clearly that the crude approxi mation m entioned before must be very much re fined to correspond to the actual complicated system.
If, however, a methyl group is positioned at N-5 (3), then some of these CD bands change their signs. Instead of two negative Cotton effects at longest wavelength, the first is now positive and the second one negative. The next Cotton effect is not distinctly separated from the second one and a negative C otton effect around 242 of 2 corre sponds to a positive minimum in the CD spectrum of 3. It is, however, also possible that this negative Cotton effect in the spectrum of 2 corresponds to a positive shoulder around 250 nm of 3. The 236 nm band remains positive, as does the negative one around 225 nm and the next positive one. The negative CD in the spectrum of 2 is for 3 seen only as a minimum whereas the last CD band below 2 2 0 nm is again positive.
From these comparisions it follows that methyl ation on N -l does not strongly influence the CD of the parent compound 1 , whereas methylation at N-5 changes some of the C otton effects apprecia bly (Fig. 1 ). This can be explained by constructing m olecular models of these three molecules. The hydrogen atom of the amide group points strongly 
Tab. I (continued).
C o m p o u n d U V out of the plane of the benzene ring, its replace ment by the larger methyl residue obviously does not influence the conformation of the heteroring. The methyl group at C-5, on the other hand, would be in the same conformation of the heteroring, practically syn-periplaner to one bond of the ben zene ring, and it is well-known from X-ray spectra of tetrahydroisoquinolines, substituted by an alkyl group at position 1 , that this alkyl usually adopts rather a quasiaxial conformation. On the other hand, this is not possible for 3, since such a methyl group pointing "into" a boat conform ation is too overcrowded, and such a conform ation is never adopted in similar systems [45] . The conform ation of the heterocyclic ring of a molecule substituted by methyl at N-5 must be different from that of 1 or 2, and, therefore some of the Cotton effects change their signs (Fig. 1) .
If methylation at N -l does not, but at C-5 does change the conformation, such change of the con formation of the 7-membered ring should also be present in the N,N'-dimethyl derivative 4, and this is exactly found. Its CD spectrum resembles much that of 3, but all Cotton effects are somewhat larger which is again expected, since steric over crowding may lead to a still stronger deviation from the conformation of 1 (Fig. 1) .
7-Substituted benzodiazepin-2-ones
As the benzene ji system is already so drastically perturbed by the two nitrogen atoms, further addi tional substituents like Cl or OCH3 do not change very much the overall CD curve of the basic model compounds. Introduction of a chloro or methoxy group (27-30, 33-36) introduces, of course, shifts (usually bathochromic) of the individual Cotton effects, but they are not very strong and in most cases do not change the overall shape of the CD curves ( Fig. 2 and 3) . The influence of an addi tional hydroxyl group in position 7 cannot, how ever, be predicted easily, since a phenol may be ionized and for a zwitter ion the spectroscopic properties may differ drastically from those of the unsubstituted or corresponding methoxy com pound. Indeed, in two cases (25 and 26), the Cot ton effects are very much enlarged, although the Fig. 2. CD spectra of compounds 28 (---),  29 (------), 34 ( ------) and 35 ( -.......) , re corded in C H 3CN.
overall shape of the CD curves are not changed very much.
For an additional amino group in position 7, one would expect a more drastic change of the stand ard CD curve with this system, but this is interest ingly only seen for the N,N'-dimethyl compound 20: The shape of the CD curve is scarcely altered but the magnitudes of the Cotton effects are much enlarged (Fig. 3) . Introduction of a nitro group in position 7 changes as usual very much the UV and CD spectra of such aromatic systems, and even the CD spectra of simple chiral nitrobenzene deriva tives are barely understood (Table I) .
N -A cyl derivatives o f benzodiazepin-2-ones
A nother change in the UV and CD spectra will be expected, if N-5 is acylated, because the "ani line" chromophore has now been eliminated, and two "acetanilido"-chromophores in ortho position are connected to the benzene ring. Such a change does not only alter completely the shape of the CD curves but increases also strongly the strength of the Cotton effects by approximately one order of magnitude. In Table I the UV data are listed and Fig. 4 shows the CD spectra of some typical cases. As mentioned before, substituents like Cl or O C H 3 in 7-position do barely change the position of the individual bands, if N-5 carries a hydrogen atom or methyl group, and this was explained by the fact that the amino group is a very strong per- Fig. 3. CD spectra o f com  pounds 20 (------). 26 (-..... 
-), 30 (------) and 36 (-------), re corded in CH3CN.
turber of the aromatic n system. This is, however, not the case for the acetamido substituent, and in deed, the bathochrom ic band shifts caused by e.g. the methoxy group (37) on such a system is much more pronounced: In the UV spectrum, the first band is shifted from 275 nm (5) to 292 nm, the second band (which is a band characteristic for the previously existing acetamido group) shows a shift of only 8 nm, but the very intense 2 2 0 nm band is now present at 229 nm. Additional, another very strong absorption band appears at 211 nm. The CD spectra of these compounds differ also strongly from those of their parent amines, often have less bands, and most of the Cotton effects are at least one order of magnitude larger. Only the first C otton effect is not so drastically enhanced, but A s is still between -1.5 and -4 and it is nega tive for all com pounds (e.g. 5, 8, 21, 22, 31, 37, 40) .
A very strong positive CD shows up between 250 nm (e.g. 5, 7) and 265 nm (e.g. 21, 22), followed by a similar strong negative Cotton effect around 215 to 225 nm; another strong positive Cotton effect appears then just below 200 nm. There must be, however, at least one moderately strong Cotton effect between the first two strong bands, because a shoulder is detectable on one of these (-230 nm and negative for 5 and 7, around the cross-over point in between these for 31, 37, and 40 and al ready on the first strong positive band for the amino com pounds 21 and 22). Of course, if there would be additional small Cotton effects, they 
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would not be detectable in such a curve. The m en tioned strong Cotton effects do not exactly appear at the same wavelengths as the strong UV bands, but the deviations from their positions are not more then 5 nm; which is within the margin of error. All three strong Cotton effects must belong to allowed transitions, and their CD is so large, since the overall ji system including both acetamido groups is strongly twisted and therefore in herently chiral. It is tempting to interpret one pair of these three strong CD bands as the two wings of a CD couplet, but actually this is not the case, since the whole extended jz system contradicts the prerequisites for a couplet, viz. through space in teraction of two interacting, but not with each other conjugated n systems with strong electric transition moments. That all CD curves are very similar to each other is not surprising, since in all cases the chromophoric system (besides the perturber at C-7) is the same and the replacem ent of the methyl group at N -l by hydrogen does not release any strain.
N-l-acetyl compounds (e.g. 6, 32, 38, and 41) contain a N-diacyl moiety and represent therefore another type of compounds in this series. As has been shown by PE spectroscopy [46] , simple m ole cules with this partial structure have a propeller like shape around the nitrogen atom. In our sys tem. the lactam moiety will be approximately pla nar because of its incorporation into a heterocyclic 7-membered ring and the additional N-acetyl group seems to have similar equal energy gain, if either twisted by a small positive or negative tor sional angle according to molecular models. For similar systems without the constraints of a 7-m em bered ring very strong Cotton effects are ob served [47] around 213 nm (Ae = -1 5 to -30), whereas for 6, 32, 38, 41, the corresponding band appears around 2 2 0 nm, is not quite so strong, but also always negative. All four CD spectra available show a medium to strong negative Cotton effect practically coinciding with the strong UV absorp tion band at the same wavelength. Furtherm ore, they have in common a positive Cotton effect be tween 290 to 300 nm (A s +1 to +2.5). In between, they differ from each other, however, appreciably (num ber and sign of bands) and this behaviour may perhaps reflect different geometries around N -l. There exists no simple correlation for these compounds between their UV and CD spectra.
Salt derivatives o f selected benzodiazepin-2-ones
The CD of the parent compound 1, in the pres ence of a few drops of a strong acid (TFA), is very similar to that of the CD spectrum in acetonitrile alone with the exception of the Cotton effect around 245 nm which shows up for the neutral solution at room tem perature as a positive mini mum and becomes a medium strong negative Cot ton effect at approximately the same wavelength for the salt. A similar change of the spectrum can also be obtained by lowering the tem perature; at 20 °C the curve reaches just the base line and de-
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velops a negative CD at even lower tem perature (Fig. 5 ). Both these experiments prove unequivo cally that a negative Cotton effect must be associ ated with this positive minimum.
Compared to the parent compound (1), the salt formation of N -l-as well as N-5-methylated lac tams is indicated by usual strong positive Cotton effects in the range of 230-240 nm (2: A e = 7.28; 3: A e = 23.20; 4: A e -23.24). Increased sterical hinderence might be responsible for this effect. The UV maxima of these salts differ in position quite a bit compared to the unprotonated com pounds, a fact which is not m irrored at all in their CD spectra, and so far, it is difficult to understand this effect. As a consequence, one must conclude that the just mentioned Cotton effect has a dif ferent origin from the strong UV band. It is often found that CD bands are specially strong for mag netically allowed but electrically forbidden transi tions and they would indeed not show up in such a UV spectrum.
The CD spectra of the related compounds 2 7 -2 9 change also drastically upon protonation. In gene ral, a tert amine is more basic than a secondary one. On the other hand, N-5 is more hindered than N -l, caused by the presence of the methyl group at the center of chirality, thus 29 is predicted to be less prone to protonation under the conditions used for the CD m easurements than compounds 27 and 28. This is clearly shown by the CD spectra: If acid is added to a solution of 27 or 28, then the 300 nm C otton effect disappears, and a rather strong one around 250 nm develops which is char acteristic for the acetamide type chromophore. On the other hand, though 29 also develops this char acteristic C otton effect by acidification under the same conditions, the first two Cotton effects (be tween 320 and 270 nm) are just weakened, but do not disappear completely.
The presence of a 7-methoxy group should not influence drastically the general behaviour of the system upon acidification, and, indeed, 33 devel ops a strong acid amide Cotton effect upon pro tonation. A weak and very small CD band persists, however, around 250 nm, which could be taken as an indication that this compound under the used conditions is not fully protonated. The addition of O H -, on the other hand, changes the CD behavi our m oderately and mainly above 300 nm: A posi tive C otton effect around 318 nm (A e = +0.3) de velops. This effect is not due to drastic chemical modification as proven by the fact that the same solution after reacidification gives practically the same C otton effect curves as obtained by direct protonation of 33. As in the case of the com pounds not substituted at C-7, N -l methylation (34) has practically the same effect as for 33, whereas, again in full analogy to the corresponding parent compound, 35 in acidic solution develops besides the very strong amide band a distinct negative C otton effect around 295 nm, which is very narrow and has no such counterpart in the CD spectrum of the neutral compound. Obviously, after protonation at N-5, the steric requirem ents of the quaternary ammonium ion is similar w hether hydrogen or methyl is attached to this ni trogen, and thus, under these conditions, all CD spectra resemble each other in contrast to the quite different behaviour of the free bases.
The CD spectra of the free phenols 2 3-26 must not necessarily be analogous to those of the corre sponding ethers, since they may in solution be in equilibrium with their zwitterion. For derivative 23, which has neither a N -l nor a N-5 methyl group, however, full analogy under the same con ditions is found, and the same holds also for the two N-monomethyl derivatives 24 and 25. A ddi tion of base, indeed, effects the CD spectra of the methyl ethers in a similar way as it does for the free phenols. For 23 and 24, a distinct weak C otton effect is observed around 315 nm, whereas for the other two compounds, 25 and 26, this is not obvi ous; the shape of the first strong Cotton effect un der same conditions is, however, very unsymmetric, so that also here a small positive Cotton effect in the same wavelength range might be located which would for all these cases mean that a) addi tion of base produces the same changes of the CD spectra for all phenols and b) this change is not caused by the formation of a phenolate.
As expected, replacement of O C H 3 in 35 by OAc (39) does not influence the general trend, e.g. the CD spectrum in the presence of acid shows the narrow and characteristic negative CD band around 280 nm and a very strong positive one be low 250 nm. In alkaline medium, the CD spectrum is consistent with those mentioned before and the changes as compared to the spectrum in neutral solution are also similar. In the case of the phenolacetate it was again carefully checked that no hy drolysis or other chemical degradation took place under the conditions used.
All four 7-amino derivatives (17-20) show the typical acetamide CD around 250-275 nm, and again these can be divided into two groups: Those being methylated at N -l give a much weaker C ot ton effect in this spectroscopic range than those being m ethylated at N-5. For technical reasons, only for 17 and 18 the CD could be recorded at longer wavelengths in acidic medium and the spectrum shows for 18 the characteristic negative Cotton effect of the low intensity around 320 nm. In the spectrum of 17 (not bearing any methyl group) the negative Cotton effect in the same wavelength area is also present, but it is somewhat broader and indicates fine structure.
Conclusion
These spectroscopic studies on forty one chiral benzodiazepin-2 -ones dem onstrate that circular dichroism allows to prove experimentally the com plexity of this chromophoric system in much more detail compared to UV spectroscopy. The CD spectra give also evidence for conformational changes in the 7-membered ring. X-ray studies which are under way for selected compounds will allow to correlate the Cotton effects with the abso lute configuration and also the adopted conforma tion of this series of compounds.
Experim ental
The CD spectra were recorded with a JouanJobin-Yvon-ISA dichrograph Mark III, connected on-line with a H obert Computing AT, and a Jasco-600 dichrograph, connected on-line with a Tandom PCA, in acetonitrile solutions at room tem per ature in cells of 0.01 to 2 cm pathelengths. The UV spectra were perform ed with a PU 8740 (Philips) instrum ent in cells of 0 . 0 1 to 2 cm pathlengths from solutions prepared for the m easurement of CD.
The chiral benzodiazepin-2-ones were synthe sized according to ref. 5-trifluoroacety 1-1,3,4,5-tetrahy dro-2H -1,5-benzodiazepin-2-one (7) m.p. 123 °C. -[afe0 = +18.5 (c = 1, CHC13) ref. 
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